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35 ( 7 ) Bioinequivalence of glassy and crystalline indomethacin was investigated in rabbits. In vivo absorption studies were carried out by determining the plasma levels of indomethacin following oral and rectal administrations in rabbits. The A UC (area under the concentration-time curve) and the maximum plasma level following the administration of the glassy preparation were larger than those in the case of the crystalline preparation.
The amounts of indomethacin absorbed were calculated by the deconvolution method. It was shown that the amounts absorbed following oral and rectal administrations of the glassy preparation were larger than those in the case of the crystalline preparation. These results indicated that the bioavailability of the glassy indomethacin was better than that of the crystalline indomethacin.
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In the previous paper,1) the glassy state of indomethacin was confirmed by detection of the jump of heat capacity and the anomalous endothermic peak in the differential scanning calorimeter (DSC) curve, and the relaxation process below the glass transition temperature (Tg) was traced in terms of the area under the anomalous endothermic peak in the DSC curve. It was also reported that the rate of dissolution of glassy indomethacin was far greater than that of crystalline indomethacin. Further, the rate of crystallization of pulverized glassy indomethacin followed first-order kinetics and the degree of crystallization reached a maximum of 60% after 2 months.
It was expected that the glassy indomethacin would show better bioavailability than crystalline indomethacin because the dissolution rate of the glass is faster than that of the crystals as described in the previous paper.1) In the present paper, in vivo absorption studies of glassy and crystalline indomethacin were carried out in rabbits in order to compare the bioavailability of the two forms. Vol. 35 (1987) Thin Layer Chromatography (TLC) The conditions of TLC were the same as those reported in the previous paper') and the spots were visualized under ultraviolet (UV) light.
Dissolution Studies
The dissolution behavior of glassy and crystalline indomethacin was studied by the beaker method with 100 ml of 0.02 M phosphate buffer (pH 7.2) maintained at 37 °C as a solvent. The samples were prepared as reported in the previous paper.' Concentration of indomethacin in the solvent was determined spectrophotometrically at 317 nm with a Hitachi 340 spectrophotometer.
Wettability Test The penetration rate of liquid into glassy and crystalline indomethacin powder (200-250 mesh) beds and into the glassy and crystalline preparations was measured by the powder method. Distilled water and distilled water saturated with lactose were used as penetrating liquids.
Animal Studies Male rabbits (2.5-3.0 kg) were used after fasting for about 18 h. i) Intravenous Administration: Indomethacin was dissolved in water containing sodium bicarbonate (weight ratio of indomethacin and sodium bicarbonate, 5 : 2) and indomethancin solutions of 7.5, 15, and 30 mg/ml were used as sample solutions.
Three dosage levels of indomethacin (5, 10, and 20 mg/kg body weight) were administered intravenously. Blood samples were taken from an ear vein at appropriate intervals into a heparinized syringe.
ii) Oral and Rectal Administrations: A two-way cross-over design was employed for the oral and rectal administrations. A dose of 20 mg/kg body weight as indomethacin was enclosed in a No. 0 gelatin capsule, and then administered orally or rectally. Blood samples were taken from an ear vein at appropriate intervals into a heparinized syringe.
Determination of the Plasma Levels of Indomethacin Plasma level of indomethacin was determined according to Nogami's modification') of Hucker's fluorescence method.4) Fluorescence intensity was measured with a Hitachi MPF-4 spectrofluorometer (activation maximum, 295 nm; fluorescence maximum, 375 nm uncorrected).
Calculation of Amount Absorbed The amount of indomethacin absorbed following oral or rectal administration was calculated by the least-squares deconvolution method developed by Pedersen.5) Results and Discussion
Preparation and Characterization of Glassy and Crystalline Indomethacin Glassy indomethacin was prepared by cooling the melt, and the glassy state was confirmed by detection of the glass transition temperature in the DSC curve and a halo in the X-ray diffraction pattern.' Crystalline indomethacin used was 7-type crystals; it was characterized by measurements of the X-ray diffraction pattern, melting point (by DSC) and IR spectrum.6) Decomposition products of glassy and crystalline indomethacin were not detectable by TLC.
Dissolution Rates of Glassy and Crystalline Indomethacin Figure 1 shows the dissolution profiles of glassy and crystalline indomethacin in 
Crystallization of Glassy Indomethacin in Water
If crystallization of the glass occurred during dissolution, the dissolution and subsequent absorption of the glass might be affected. Thus, crystallization of the glass in water was investigated.
After being pulverized and mounted on a glass plate for X-ray diffraction measurement, glassy indomethacin was immersed in distilled water for a given period of time and then dried under vacuum in a desiccator containing P2O5. The X-ray diffraction pattern was measured immediately after the sample was dried. The crystallinity of the sample was determined by Hermans' method.7) The crystallization process of the sample immersed in water is shown in Fig. 2 as a plot of crystallinity against time.
After standing for 1.5 h in water, the glass began to crystallize and then crystallization proceeded rapidly. It took 10 h to reach maximum crystallization and at this stage indomethacin had 50% crystallinity. It was considered that if glassy indomethacin was dissolved and absorbed rapidly after administration, in vivo absorption might not be influenced by the crystallization of the glass.
Some Physicochemical Properties of Sample Powders
Wettability of the Sample Powders The in vivo absorption rate of the drug after the administration of powder dosage forms is influenced in the first place by the wettability of the sample. Thus, the wettability of powder beds of glassy and crystalline indomethacin was examined. Figure 3 shows the penetration of water into the powder beds in terms of a plot of the square of the penetration length against time. Water did not penetrate into the glassy indomethacin powder bed, and crystalline indomethacin was hardly wetted. Thus, the contact angle as a main factor governing the wettability was measured according to the method reported in the previous paper') and values as large as 95 ° (glassy indomethacin) and 84 ° (crystalline indomethacin) were obtained. Improvement of the wettability of glassy and 
Crystallization of Glassy Indomethacin
Mixed with Lactose at Room Temperature crystalline indomethacin was attempted by mixing them with lactose. As shown in Fig. 3 , the wettabilities were improved and a linear relationship was found between the square of the penetration length and time for the two preparations. Crystallization of Glassy Indomethacin at Room Temperature The crystallization of the glass at room temperature was followed by the X-ray diffraction method. Since indomethacin gave a very stable glass, devitrification did not occur for several years in the laboratory at room temperature. It was considered, however, that crystallization of the glass in the preparation might be induced by pulverizing and by mixing the sample with lactose. Figure 4 shows the X-ray diffraction patterns of the glassy preparation after standing for a given period of time at room temperature. Only diffraction peaks due to crystalline lactose were observed in the X-ray diffraction pattern immediately after mixing the glass with lactose. After the sample had been left for 30 h, slight diffraction due to indomethacin crystals was observed in the vicinity of 12 (20). Subsequently, several diffraction peaks due to indomethacin crystals appeared and the intensity of the peaks increased gradually as crystallization proceeded.
These results indicated that the crystallization of the glass was scarcely induced by pulverizing or by mixing the sample with lactose in the initial stage. Therefore, the following experiments were run within 1 h after pulverization of the glass.
In Vivo Absorption Studies Figure 5 shows the mean plasma levels of indomethacin following bolus intravenous administration of indomethacin solution. Each curve could be adequately approximated by a biexponential equation (Eq. 1), and the pharmacokinetic paramaters obtained are shown in Table I .
( 1) where c*(t) is plasma level time course of indomethacin and a1, a2, b1 and b2 are constants. Figures 6 and 7 show the plasma levels following oral and rectal administration of the glass and crystal preparations. Maximum plasma level and area under the concentration-time curve (AU C) following administration of the glass were significantly larger than those of the crystals (p < 0.05). These results indicate that glassy and crystalline indomethacin are bioinequivalent.
Calculation of Absorption Rate and Amount Absorbed
Absorption rate and the amount absorbed were calculated by the least-squares deconvolution method developed by Pedersen.5) The theory of this method is as follows. The response, c*(t), (plasma level time course of indomethacin following intravenous administration) to unit impulse input is expressed by Eq. 1. The rate of input (absorption rate), f (t), is approximated to a polynomial function and expressed as Eq. 2. (2) where xi are the polynomial coefficients and the highest degree of the polynomial function (N) is the number of data points minus one. The response, c(t), (plasma level time course of indomethacin following oral or rectal administration) to an arbitrary input can be expressed by Eq. 3. Substituting Eq. 3 into Eqs. 1 and 2 yields Eq. 4. where q* is an intravenous bolus dose. When Eq. 4 is integrated and rearranged, Eq. 5 is obtained. 
where,
The polynomial coefficients xi of the input function were calculated by multiple linear regression analysis and the cumulative amount of input (amount absorbed) was calculated from the integrated form of f(t). Figures 8 and 9 show the cumulative amount of input following oral and rectal administrations of glassy and crystalline preparations, respectively. In both cases, the amounts of input following the administration of the glassy preparation were larger than those of the crystalline preparation. 
